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Surveillance in public health is defined as the ongoing systematic collection, analysis, and interpretation of outcome-specific data for use in the planning, implementation, and evaluation of public health practice (1) . Several approaches and sources of data are used in public health surveillance: vital statistics, notifiable disease data, registries, sample surveys, administrative data, and sentinel surveillance data (2). An important element of any surveillance system is the use of the data to advance public health.
No true surveillance systems for oral conditions exist. The prevalence and trends of oral diseases have been monitored through oral health surveys a t the national and sometimes state and local levels. These surveys have used some sort of clinical examination and questionnaire. A dental professional generally performs a visual-tactile assessment of the mouth in a sample of the population. Many of these surveys have used the Radike diagnostic criteria and examination protocol (3), modifications of the Radike criteria such as those by the National Institute of Dental Research (4), or those of the World Health Organization (5) .
Some differences exist between the diagnostic criteria used in these surveys and those used by clinicians in their practices. In clinical examinations practitioners make complex measurements, stressing the precision of the process, i.e., the detection of the most incipient signs of disease. The greater the complexity, however, the greater the likelihood of unreliable results. Research shows that clinicians apply different criteria (6,7 ) and differ significantly in their diagnoses and treatmentplans (8) (9) (10) (11) . Oral health surveys have emphasized the reliability of measurements. Experience suggests that visual-tactile examinations can be used to estimate the oral health status of populations, provided the assessment is performed in well-defined samples by trained examiners who use valid indices with known reliability. In oral epidemiology these surveys are considered the standard, even though some underdiagnosis is expected due to the lack of procedures and techniques that are feasible or practical for field examinations (e.g., x-rays, optical transillumination). Still, oral health surveys are complex and demand extensive resources, which might explain why many programs lack data on oral health status (12) .
Screenings are defined in the medical model as procedures that can sort out persons who may have a condition from those who may not (13). Those who appear to have the condition are followed up to obtain a final diagnosis (13) . Because screenings are applied to populations, their methods must be simple, inexpensive, and require minimal training for application and interpretation, e.g., the PPD tuberculin test. Screenings must be evaluated against some standard procedure for validity-that is, their sensitivity, specificity, and predictive value. In this evaluation, the proportion of false positives and false negatives are important to patient follow-up and cost (14) .
Frankenburg (15) has provided the following 10 criteria for selecting diseases or conditions for screening programs: (I) the condition has to be serious or potentially so, (2) it should be possible to differentiate those with the condition from those at borderline or without it, (3) the prognosis should be improved if the condition is detected and treated early, (4) there should be adequate lead and screening time, (5) the condition should be treatable or controllable, (6) the condition should be prevalent, (7) there should be no harm caused to the individual being screened, (8) there should be a followu p for those found positive, (9) the procedure should be cost effective, and (10) the program should be acceptable to the public.
Screening protocols for oral cancer or precancerous lesions reported in the literature (16) (17) (18) (19) involve the systematic and consistent visual-tactile examination of all anatomical sites of the oral and pharyngeal cavity and neck (20) . Few oral conditions, other than oral cancer, have been the subject of screening programs and activities (21) (22) (23) . For dental caries, screening denotes a fast and simple process by which an examiner visually inspects the oral cavity to detect the presence or absence of specific oral conditions (24) , as has been done in "health fairs" (25) . Based on Frankenburg's criteria, dental caries, dental fluorosis, and dental injuries screening protocols could be developed as alternatives to visual-tactile examinations.
Few studies have tested the visual and visual-tactile abilities of dental and nondental personnel other than dentists. Only in a few large-scale surveys have dental hygienists been examiners (26) (27) (28) (29) (30) . These studies reported interexaminer reliability to compare the examinations made by hygienists and dentists. None of these studies evaluated validity. Two studies from the same research team (29,301 reported measures of validity; however, these measures were on the ability of their research instrument (a multivariable statistical model) to predict future caries patterns. Based mostly on reliability values, these studies concluded that dental hygienists could be used to collect oral health status data. A few studies (2531) have focused on the use of other personnel-such as dental auxiliaries, dental students, or teachers-for examinations or screenings; however, none of these studies have assessed validity.
Oral health status and behaviors also have been assessed by questionnaires, for example those of the National Health Interview Survey (NHIS) (32) and the Behavioral Risk Factor Surveillance System (BRFSS) (33) . These data are self-reported and subject to error, particularly selection and information biases (34, 35) . Several studies have compared data obtained from clinical examinations with those self-administered questionnaires (36-41 1, phone interviews (421, and parentresponded questionnaires (43) . Despite the different methodologies, populations, oral conditions assessed, and the fact that many studies evaluated reliability instead of validity, researchers concluded that questionnaires appear to be useful tools for obtaining oral health data.
The objective of this investigation was to test the validity of visual screening (protocol 1) and parent-or guardian-completed questionnaire (protocol 2) for assessing the oral health status of schoolchildren, with the goal of using these protocols as tools in a surveillance system for oral conditions. The visual-tactile examination was used as the standard protocol.
Methods
Children in kindergarten through fifth grade (N=838; aged 5 to 12 years) in a rural school in Monticello, Georgia, were invited to participate in this investigation. This school had asked the Georgia Department of Human Resources to evaluate the children's dental status. One week before examination, children were given a package that included a letter of invitation, a consent form, and a multiple-choice questionnaire for their parents. All children who returned questionnaires participated in the examination (n=632; 75% response rate). Following examination, a form with recommendations regarding the child's need for dental treatment was sent to the parents. All clinical procedures followed guidelines for infection control in dental settings (44, 45) . A protocol for injury exposure control consistent with CDC guidelines and the Occupational Safety and Health Administration standards was followed. Institutional review board approval was obtained from both CDC and the University of Michigan.
Measurement Protocols. The standard examination protocol was a visual-tactile examination of all tooth surfaces in each child. All children were examined by a dentist who had been calibrated using NIDR diagnostic criteria for dental caries and presence of sealants (4), Dean's index for dental fluorosis (41, and Bhat's criteria for dental injuries (46) . A portable dental chair and light, dental explorers, and plane-surface mirrors were used; no radiographs were exposed. From these examinations, each child was classified into one of the following groups based on dental caries in their primary and permanent teeth: (1) caries free; (2) at least one tooth restored, but no untreated decay; or (3) at least one untreated carious lesion, whether restorations were present or not. In addition, each child was classified as having (yes/no): (1) at least one permanent molar with pit and fissure sealants, (2) at least one anterior tooth with injury or sequelae, and (3) dental fluorosis. Finally, each child was classified into a three-level variable according to urgency of treatment needed (no need, nonurgent, and urgent). Need for urgent treatment was defined as having one or more teeth with extensive tissue destruction, probably involving the pulp, or history of pain or signs of infection. Nonurgent needs included presence of untreated carious lesions or calculus.
Two measurement protocols were tested. Protocol 1 was a visual-only screening of the child'smouth done by a dental hygienist or a registered nurse, each of whom screened about one-half of each class in sequential order. The dental hygienist had not performed oral assessments or provided treatment for more than five years. The nurse had no previous clinical dental experience. Both screeners received written material on the procedures and diagnostic criteria for each condition to be evaluated. The protocol allowed the dental hygienist to perform oral screenings after review of this material and without further training. A five-hour training session, which used both slides and patients, familiarized the nurse with dental nomenclature and clinical features of each condition. The protocol required the screener to inspect all four quadrants of the mouth sequentially and to code the results according to five algorithms. Figure 1 depicts the algorithm used to code dental caries (a full set of these algorithms is available upon request). In the particular case of coding for dental caries, some children with restorations were coded as "2" because they also had untreated carious lesions. Screenings were carried out using a portable chair, a flashlight for intraoral illumination, a n d a tongue blade to facilitate visual access during inspection. Visual screening always preceded the visual-tactile examination for each child. Approximately 5 percent of the children were reexamined by the dentist and the two screeners to estimate intraexaminer reliability. Most replicate assessments were performed 2C-25 minutes after the initial dental screenings and 45-60 minutes after the initial visual-tactile examinations.
Protocol 2 was a 17-item, multiplechoice questionnaire completed by a parent or guardian when permission to participate was granted. The q u e s tionnaire asked about conditions present in the child's mouth, demographic characteristics, and family socioeconomic status. Questions about dental fluorosis and need for dental treatment were not included; "don't know" options were available. The +As determmed by the msual-tactile examination.
6 Caries experience was detined as having treated or unaeated carious lesions. ¶No need for treatment was used as the reference.
Caries free was used as the reference. f Caries experience was defined a s having treated or untreated carious lesions. ¶No need for treatment was used a s the reference.
Caries free was used as the reference.
questionnaire was reviewed and tested by persons with expertise in questionnaire development and by a convenience sample of parents and school teachers. Data Management and Statistical Methods. Data were entered directly into computer files using customized data entry programs in the Epi Info software (47) . Following data cleaning and editing, epidemiologic indicators were calculated using SAS software. Later, the screening and the questionnaire data sets were matched with data from the standard protocol using all eligible records to maximize sample size. Pairwise matching of the screening data with the standard protocol produced 3x3 contingency tables for dental caries and treatment urgency and 2x2 tables for all other conditions. Pairwise matching of questionnaire data with the standard protocol produced 2x2 tables. To assess the validity of each alternative protocol in each condition, a 2x2 table was prepared; for dental caries and treatment urgency in the screening protocol, only the appropriate cells from the 3x3 table were included.
All measures of validity -sensitivity, specificity, positive predictive value, and negative predictive valueand the prevalence of the condition in the sample were calculated using standard procedures (48) . When appropriate, standard errors and confidence intervals were estimated using binomial approximation. Data were stratified to control for sociodemographic variables. Data from duplicate examinations and screenings were used to check for intraexaminer reliability tested by percent agreement and kappa statistics (49) .
Results

.
Validity of Visual Screenings and Type of Screener.Summaries of validity results for screening are included in Tables 1-3. In each table two additional comparisons grouped those with any caries experience (treated or untreated) and those needing any treatment. Tables 1 4 display the total number of subjects (N) used in the statistical procedures to assess validity for each condition, including those in the reference group (those not having the condition).
Specificity for both screeners combined (Table 1) was greater than 95 percent across all oral conditions; the 95 percent confidence intervals varied from 94 to 100 percent (data not displayed). The sensitivity for caries was around 94 percent (95% CI=91%,96%). The lowest sensitivity was found in screening for sealants (59%; 95% CI=55%, 63%), followed by nonurgent treatment needed (73%), fluorosis (79%), and injuries (80%). A positive predictive value of 89 percent or higher was found for most oral conditions; exceptions were nonurgent treatment needed (82%) and injuries (86%). Negative predictive values were 90 percent or higher across all conditions, and many values were over 95 percent.
The dental hygienist (Table 2 ) screened 309 children with more prevalent untreated decay than in the 323 children screened by thenurse; the sample screened by the nurse had a higher prevalence of fluorosis (Table  3) . Results obtained by the dental hygienist and nurse were comparable to those obtained by the dentist (confidence intervals overlapped); nevertheless, some minor differences were found. For example, the dental hygienist performed slightly better than the nurse in assessing fluorosis and determining the need for nonurgent and any treatment (Tables 2 and 3 ).
These differences could be explained, in part, by the differences in prevalence in some of these conditions. The overall lower sensitivity for nonurgent treatment needs may be a consequence of the lower prevalence of these conditions in children screened by the nurse. The lack of a tactile component in the assessments made by i Caries experience was defined as having treated or untreated carious lesions. ¶No need for treatment was used as the reference.
Caries free was used as the reference. (Table 4) . The best results were obtained in evaluating the presence of restorations (93% sensitivity and 95% negative predictive value). Although these values were similar to those obtained by screening (Table 11 , specificity and positive predictive value were lower in the questionnaire (89% and 85%, respectively) than in the screening. Measures of validity were lower for the other three conditions (untreated decay, injuries, and presence of sealants), as well.
To evaluate any potential differences among respondents' ability to correctly assess the presence of restorations, responses were stratified by family income (2$30,000/year vs other), eligibility for free or reducedprice lunch, number of children in the family (23 vs other), and respondent's level of education (>high school vs other). Respondents with greater family income or having children not eligible for free or reduced-price lunch assessed presence of restorations in their children with higher sensitivity (data not shown).
Reliability of Measurements. Percent agreement and kappa estimates for each condition were calculated separately for the dentist, the dental hygienist, and the nurse ( Table 5 ). The dentist evaluated caries status and presence of sealants on each surface by using 14 mutually exclusive diagnos- 'The dentist evaluated canes status on each surface by using 14 mutually exclusive diagnostic categories; both sueeners evaluated caries in the entire mouth by using three possible diagnostic categories.
tThe dentist evaluated presence of sealants as part of the magnosis of canes.
i! Based on two diagnostic categories.
YThe denhst evaluated injuries by using four &agnostic categories for each of the upper front teeth; both screeners evaluated injuries in the upper anterior teeth by using two &agnostic categories Based on three &agnostic categories.
tic categories; therefore, presence of sealants was not analyzed as an independent item for the dentist. The dentist's reliability was evaluated over 14 diagnostic categories for caries and presence of sealants, seven for presence of injuries (46), three for treatment urgency, and two for dental fluorosis. Both the dental hygienist and nurse were evaluated using threelevel variables for caries and treatment urgency and two-level variables for presence of sealants, dental fluorosis, and dental injuries. All examiners showed high reliability: agreements were greater than 85%, and kappa statistics were greater than 0.70, a substantial and almost perfect score according to the scale proposed by Landis and Koch (50) .
Discussion
Validity of Visual Screening and Type of Screener. Visual screenings can produce data highly comparable to those obtained from visual-tactile examinations. The highest validity was found in the screening for canes and urgent treatment (Table 1) in a sample for which the prevalence of dental caries was comparable to the entire population of Georgia (51) and the United States (4). The protocol for screening did not discriminate between dental caries of the primary and permanent dentitions because its objective was to obtain epidemiologic information on the overall caries experience of the subject. If necessary, the protocol could be modified to measure each dentition separately.
With the exception of negative predictive values for caries experience, predictive values were greater than 95 percent, which indicates that if the visual screening protocol were applied to a sample having a similar caries prevalence, at least 95 out of every 100 positive and negative cases would be true positives and true negatives. These results suggest that the visual screening protocol could provide valid epidemiologic information for dental caries and restorations.
The lower validity of screening for treatment needs in this investigation may indicate uncertainty in translating the diagnosis of untreated decay into the category of nonurgent treatment. A solution would be the use of a computer algorithm incorporated into the data entry program that would automatically assign a code for treatment urgency by taking into account the information entered for caries and responses to yes or no questions about other oral health variables.
Lower validity also was found for other oral conditions (fluorosis, injuries, and presence of sealants). Injuries and presence of sealants were not as prevalent as dental canes in the sample, which might explain some of these results. The low sensitivity for presence of sealants (59%) was probably an effect of the lack of tactile reference. Although fluorosis wasas prevalent as caries in the sample, a significant number of false negatives (46 out of 215) were responsible for the lower sensitivity (79%) and negative predictive value (90%).
Some researchers have suggested that validity could be enhanced by improving the diagnostic criteria, retraining, and follow-up of training (16, 521 . Diagnostic criteria and coding in this investigation were designed to be simple to understand and apply. The validity of screening for injuries and fluorosis could be improved by increasing the length and quality of training and allowing exposure to a wider variety of clinical cases. However, improved training may not affect the validity of screening for dental sealants due to the lack of tactile reference.
Few screening protocols for oral conditions have been proposed and tested; only screening programs for oral mucosal lesions have been tested for validity (16, 17, 19) . Some investigators used findings from these screening protocols to estimate epidemiolog~c parameters (53) (54) (55) . Screening programs for other oral conditions, especially dental caries, have been implemented without testing their validity (25) . Anecdotal information suggests that screening protocols, such as the one in the Association of State and Territorial Dental Directors' "sevenstep model" (24) , are being increasingly used, in part because of the financial and logistic difficulties associated with visual-tactile examinations.
The current investigation also focused on potential differences in the validity of measurements obtained by a registered nurseand a dental hygienist. Except for sensitivity for fluorosis and nonurgent treatment, the nurse provided information as valid as that provided by the dental hygienist. In both cases, this finding could be explained in part by differences in prevalence. The hygienist's higher sensitivity and lower specificity values for untreated decay (95% and 94%, respectively) could be explained also by a higher prevalence in her sample (45%). However, the hygienist had a substantially larger proportion of false positives, with a direct effect on her positive predictive value (93%). Possibly, the hygienist's previous clinical training, focused on evaluating incipient signs of disease, is responsible for the large proportion of false positives, a tendency that could have been aggravated by the absence of a confirmatory tactile reference.
Few studies have reported on the quality of the data collected by personnel other than dentists in performing visual or visual-tactile intraoral examinations (26, 29) . Direct comparison with their results is not possible because of their focus on reliability or use of different methodologies. However, we agree that personnel other than dentists can be trained to perform oral health status assessments. Primary health care workers have been used in Sri Lanka and India to perform screenings to detect oral mucosal lesions (1656). Observations by nondentists can be highly valid if the criteria are clear and appropriate training is provided. In this investigation we chose a registered nurse because of her availability. Her normal duties include the health assessment of children in Monticello, and w e foresee these epidemiologic assessments as part of routine health examinations. What is particularly remarkable from the present findings is that a nurse, who had little formal dental training, was able to use the screening criteria and adequately apply them.
Validity of Questionnaires. Questionnaires completed by parents or guardians were tested for their validity in obtaining status information on a selected group of oral conditions, i.e., presence of restorations, untreated decay, sealants, and injuries to the anterior teeth. The instrument included a "don't know" option in all questions to avoid forcing the parent to "guess" the status of their children. A fairly high proportion of respondents did not know the oral health status of their children. Validity was modest for all four indicators except for restorations (Table 41 , suggesting limitations for their use in surveillance.
Many studies have reported on the quality of self-reported information on different aspects of oral health. A series of studies published in the 197Os, 1980s, and early 1990s in Scandinavia (36-41 ), England and Ireland (43, 57) , and the United States (42) investigated the quality of data collected through questionnaires. Data collected in these investigations included the responders' number of teeth and use of dentures, presence of caries and gingival diseases, and personal medical history. These investigations compared the self-appraised oral health status with results from a clinical examination. These studies tested reliability (sometimes labeled as "agreement" or "validity") by using various statistics, including percent agreement, kappa, statistical mean, and Pearson's product moment correlation. Some studies described overreporting, e.g., having m o r e teeth than those present (36, 41, 43) , others underreporting (38, 40) , or both (37) . This inconclusive evidence suggests that the reliability of self-or proxy-reported oral health data is limited.
In this investigation, analysis by sociodemographic variables showed no clear or consistent difference from the overall results. This finding may be explained, in part, by the sociodemographic homogeneity of the children in the sample.
How "Good" is a "Valid" Procedure? A review of publications in the dental literature reveals subjective assessments by investigators on how good they view the quality of their results based on values for validity. For example, for O'Sullivan and Tinanoff (58), a positive predictive value of 87 percent for canes in the maxillary teeth as an indicator of caries risk in the pits and fissures of posterior teeth in the primary dentition one year later was acceptable. Bretz and co-workers (59) concluded that PERIOSCANTM, which showed 91 percent sensitivity and 89 percent specificity, was a valid instrument for detecting bacterfal colonization of root surfaces. Pietila and associates (22) accepted specificity values between 72 percent and 92 percent as valid. Ikeda and associates (17) concluded that a positive predictive value of 71 percent was fairly good. Warnakulasuriya and Pindborg (16) concluded that a positive predictive value of 58 percent was successful. In a recent publication, Brunette (60) presented a sample of sensitivity and specificity values for diagnostic tests used in dentistry taken from the literature. Sensitivity for dental canes was as low as 13 percent and as high as 93 percent. Clearly, a wide range of acceptance levels exists. In fact, few studies have concluded that the procedures being tested were not valid. This conclusion can mislead potential users who might apply a procedure with borderline validity in a low prevalence sample and reach incorrect conclusions (61) .
The problem of defining how "good" a procedure is based on a validity result depends on many aspects, including the nature and quality of the standard used, the prevalence of the condition being assessed (maximizing positive predictive value with minimum effect on negative predictive value), and the proportion of false positives and false negatives the user of the procedure is willing to accept. These arguments reduce the problem from how "valid" a procedure is to "how practical" it is for its intended purpose. In fact, oral epidemiologists trade off validity for reliability in many indices and procedures. Given this circumstance, the screening procedure tested in this investigation appears useful for estimating dental caries in samples having a similar prevalence to this study.
Surveillance systems for oral conditions are so underdeveloped that almost every aspect of these systems requires empirical support. The need for oral health status and treatment needs data is increasing because dental public health programs must support their need for and use of resources. This investigation has tested a visual screening protocol suitable as a surveillance tool for collecting oral health status data. Parent-or guardian completed questionnaires seem to be of limited use mainly because a high proportion of parents did not know their children's oral health status, other than the presence of one or more restorations. Because questionnaires are unlikely to be designed to address only one topic, if necessary, this question on restorations could be included in ongoing structured questionnaires with a wider range of topics.
